There is a range of modern approaches and models in literature for the evaluation
Introduction
The increase of world population, along with the growth of quality of life, certainly leads to increasing demand for energy. Consumers around the world are facing with the problem of security of supply, volatility of energy prices, environmental degradation caused by energy activities, and other risks that may jeopardize general social stability and economic development. Integration of all these problems leads to an issue of energy security.
For this reason, there is a tendency to formulate and develop models that should establish correlations between the various factors of energy security, and finally, link them into a logical system. Multi-dimensional nature of energy security is the starting point of various scientific studies dealing with energy issues [1] . In many of these studies, availability of energy is pointed out as the most important dimension and with the greatest influence on the overall energy security [1] [2] [3] [4] [5] [6] [7] . In essence, availability represents the physical presence of energy resources, as well as possibility of the community to use these resources. Within the availability, there are numerous influential components whose individual contribution and effects should be evaluated.
THERMAL SCIENCE: Year 2017, Vol. 21, No. 1A, pp. [323] [324] [325] [326] [327] [328] [329] [330] [331] [332] [333] In this paper the review the existing literature in the field of energy security is given, as well as the analysis of thematic framework and dimensions of energy security. The focus is on a single dimension of energy security -availability. Availability is analysed using components proposed and described in [1] . However, instead of complex fuzzy approach, each component of availability is analysed by using selected set of indicators. Analytic hierarchy process (AHP) methodology is proposed and implemented for analysis of obtained indicators, their interactions and specific importance to availability performance. The proposed procedure for availability indicator determination and their evaluation by AHP is implemented for determination of availability -as a dimension of energy security in Serbia.
Concept and dimensions of energy security
Very often energy security has different meaning in different situations and to different people. Definitions of energy security vary from continuous supply of oil to the environmentally acceptable and financially affordable energy. The variety of meanings and interpretations may seem confusing and impractical from the standpoint of empirical approaches, but as some authors have pointed out [2] , it might not be necessary. In some cases, it may mean that one and the same concept has different forms under different conditions.
Energy security has traditionally been associated with the securing of access to oil supplies and with impending fossil fuel depletion [3] . Today, International Energy Agency (IEA) defines energy security as the uninterrupted availability of energy sources at an affordable price [4] . Although IEA definition is widely accepted, different countries have the different interpretation of the concept. In addition to that, energy security has to involve main values and principles of a specific national energy policy [5] . Nowadays, energy security is also closely involved with other issues, such as security of infrastructure, equality of access to modern energy technologies, energy efficiency, and climate change mitigation [6] .
The Asia Pacific Energy Research Centre (APERC) [7] defines energy security as the ability of an economy to guarantee the availability of energy resource supply in a sustainable and timely manner with the energy price being at a level that will not adversely affect the economic performance of the economy. Thus, there are several factors that can influence the energy security [7] : -the availability of reserves, both indigenously and by foreign suppliers, -the ability of an economy to acquire supply to meet projected energy demand, -the level of an economy's energy resource diversification and energy supplier diversification, -the accessibility to resources, in terms of the availability of related energy infrastructure and energy transportation infrastructure, and -geopolitical relations.
In order to provide a framework for identifying, measuring and managing vulnerabilities of an energy system, energy security can be defined as a low level of vulnerability of the vital components of the energy system, i. e. energy sources, infrastructure, technological development [2] . Vulnerabilities represent combinations of exposure to risks and resilience capacities.
If the premise that energy security requires an interdisciplinary approach is accepted, energy security can be defined as equitably providing available, affordable, efficient, environmentally neutral, proactively governed, and socially acceptable energy services to end-users [1] . This definition meets the requirements for the actualization of the topic, because energy security is not based strictly on a secure supply of oil, but also on other sources of energy (e. g. coal, natural gas, renewables, and nuclear energy). Besides, it emphasizes the different nature and origin of threats to some energy system, as well as the long-term perspective of sustainable development and environmental protection.
Many studies developed multi-dimensional approach for conceptualizing energy security and determination of energy indicators [1] [2] [3] [4] [5] [6] . Selection of data used for indicators determination primarily depends on the vision of a multi-dimensional concept of energy security, and from the selection of critical dimensions for functioning of the energy system and its safety.
In APERC report on energy security in Asia [7] , availability and affordability are merged with acceptability and accessibility, as four main dimensions of energy security, also known as the four As. So called, the four As has become well known throughout the scientific literature in the field of energy. Many studies have conceptualized energy security by liberally adding or modifying existing model of the four As.
Availability and its indicators
Availability, as a dimension of energy security, is very often highlighted as the most dominant dimension of energy security [3] [4] [5] . Based on the analysis of reviewed scientific papers within a period of 40 years in 22 countries [6] , availability was the most frequently used dimension of energy security (81% of articles), rather than affordability (51%), efficiency (34%), and environmental acceptability (26%). Availability was considered by using broad definition as diversifying the fuels used to provide energy services as well as the location of facilities using those fuels and minimizing dependence on foreign suppliers.
Following this definition, availability is analysed in this paper by five distinct components, as it was suggested in [1] : security of supply, self-sufficiency, diversification, renewable energy sources, and technological maturity. For each of these components, appropriate indicator or a set of indicators should be determined. Their purpose is to provide synthesized information about availability's component and to evaluate their significance, to assist in the process of defining the objectives of energy policies, and to monitor the implementation of activities aimed to improve level of availability.
Security of supply
Security of supply (SOS) determines an ability of the specific energy system to depend on its own resources in energy production, and shows its import dependency. The SOS may be represented by the ration of net imports and total available primary energy consumption (SOS 1 ) within a given year.
The second indicator of SOS is the ration of the stocks of critical fuels and corresponding annual fuel consumption (SOS 2 ). The purpose of this indicator is to measure the availability of national stocks of critical fuels with respect to corresponding fuel consumption [8] . A fuel stock over fuel consumption represents a type of a response indicator that might be important to countries in critical fuel supply situations, such as world oil crisis, disruptions of natural gas distribution systems, etc. [8] .
Self-sufficiency
Self-sufficiency (SS) can be defined as the ability of energy system to rely on indigenous reserves and resources in energy production. It can be measured by the ration of reserves to annual production (SS 1 ).
The purpose of this indicator is to determine the availability of national energy reserves with respect to corresponding fuel production. Reserves are generally defined as identified (demonstrated and inferred) resources that are economically recoverable at the time of assess- ment. Those are quantities that geologic and engineering information indicates that can be recovered with reasonable certainty in the future, from known or identified energy resources and under existing economic and technical conditions [8] . Values of this indicator represent the number of remaining years until the exhaustion of reserves, with the current level of consumption Another indicator for measuring SS can be the ration of resources and production (SS 2 ). Resources are generally defined as concentrations of naturally occurring solid, liquid or gaseous material in or on the Earth's crust in a form that makes economic extraction potentially feasible. Total resources include reserves, and hypothetical and speculative undiscovered resources [8] . The values of this indicator represent the number of remaining years until the exhaustion of resources assuming the current level of consumption.
Diversification
Diversification (D) reflects the diversity of used energy sources for energy supply, and the ability to mitigate the risk caused by overdependence on several major energy sources. It can be measured by a diversity index of the possible energy resources for supply, such as the Shannon index (also known as a Shannon-Wiener index). Shannon's index accounts for both abundance and evenness of the presented energy sources [1] .
Renewable energy sources
Renewable energy sources (RES) indicators measure the share of [8] RES in total primary energy supply (TPES) (RES 1 ) and the share of RES in total final consumption (TFC) (RES 2 ). The TPES is calculated as the sum of primary production and import, less to the sum of export, stock changes, bunkers, and statistical difference [9] . The TFC from RES is calculated as the sum of gross final consumption of electricity from RES, gross final consumption of energy from renewable sources for heating and cooling and gross final consumption of energy from renewable sources in transport [10] .
Technological maturity
Technological maturity (TM) can be measured by the set of indicators of efficiency of energy conversion and distribution [8] . Fossil fuel efficiency for electricity generation (TM 1a ) is defined as the gross production of electricity (including own use of electricity by power plants) from fossil fuel power plants relative to fossil fuel inputs. Ration of TFC of electricity and the sum of TFC of electricity and losses is electricity transmission and distribution efficiency (TM 1b ), while gas distribution efficiency (TM 1c ) is a ration of TFC of natural gas and the sum of TFC of natural gas and losses.
As an indicator of efficiency of energy use in selected national economy, energy intensity (TM 2 ) is commonly used [11] . This indicator is calculated as the ration of energy use (TPES) and economic output (GDP) of selected country [8] .
Dimensions of availability and adopted indicators are presented in tab. 1.
Availability of energy in Serbia

Security of supply
As an indicator of the ability of the energy system to depend on its own resources in production, and how much is dependent on imports, SOS may be represented by the ration of net imports and total available primary energy consumption (SOS 1 ) within a given year [9] . For the purpose of this paper, data from the Energy Balance for 2014 are used:
Net imports SOS 0.28335 28.3% Total primary energy consumption = =
(1)
The second indicator of SOS that can be used is the indicator of stocks of critical fuels per corresponding fuel consumption (SOS 2 ). In case of Serbian energy system, which is dependent on imported oil and natural gas, this indicator is very important because it shows the ability of the country to maintain strategic stocks of critical fuels -oil [12] and natural gas [13] . 
2 Natural gas stock SOS (Natural gas) 0.2227 (22.3%) Natural gas consumption = =
This indicator for the oil sector is also related to Serbian obligation (as the Contracting Parity in Energy Community) to form and maintain compulsory oil reserves in accordance to Directive 2009/119/EC [14] . This directive imposes an obligation to maintain minimum stocks of crude oil and/or petroleum products corresponding, at the very least, to 90 days of average daily net imports or 61 days of average daily inland consumption, whichever of the two quantities is greater. If obligations from this Directive were applied on the case of Serbia, according to current oil stock, the following results are obtained:
Oil consumption Average consumption of oil 8.493 t/day 365 days = =
Stock of oil 31 days average consumption of oil =
It can be concluded that, with present level of oil stocks, Serbia meets the needs for consumption of oil for 31 days, or 1/3 of necessary amount.
Self-sufficiency
In case of Serbia, SS 1 indicator considers reserves of coal, oil, and natural gas (NG), and provides a relative measure of the time that proven reserves [15] would last if production and consumption were to continue at current levels (2014) [9] .
1(C)
Estimated coal reserves SS 1 49 years Coal consumption per year = = 
The SS 2 indicator considers resources of coal and aggregated resources of oil and natural gas.
2(C)
Estimated coal resources SS 689 years Coal consumption per year = =
2(O+NG)
Estimated oil and NG resources SS 29.6 years Oil and NG consumption per year = = (10)
Except in the case of coal, it is evident that Serbian SS is very low and additional activities in oil and gas exploration should be undertaken.
Diversification
Diversity index provides more information than simply the number and amount of energy sources used. It serves as valuable tool to quantify diversity in a community and describe its numerical structure [16] . The index is calculated as the proportion of individual energy sources, n, relative to the total number of energy sources, N:
The higher value of Shannon index, the greater is the diversity of observed groups of elements. Results of Shannon index for diversity of energy resources for Serbia in 2014 [9] , and for few European countries are presented in tab. 2 [17] . It is evident that Serbia is within a group of countries with lower level of diversity, primarily due to highest share of coal in primary energy mix. 
Renewable energy sources
The total technical potential of renewable energy in Serbia is estimated at 5.65 Mtoe per year. Out of this potential, about 35% is already being used -mostly energy from hydropower and biomass [15] . The RES 1 , as an indicator, refers the share of RES in TPES [9] :
Share of RES in TPES RES 0.15 15% TPES = = (12) Table 3 shows the share of RES in TFC for selected years [10] , as the RES 2 indicator. Presented results indicate that additional effort is necessary for achieving of binding 27% share of renewable energy in gross final energy consumption in 2020, according to National Renewable Energy Action Plan [18] .
Technological maturity
The current state of technological maturity in Serbia can be measured by indicators of efficiency of energy conversion and distribution (TM 1 ).
Thermal power plants efficiency: 1a
Gross production of electricity TM 0.34 (34%) Fossil fuel inputs = =
Combined heat and power plants efficiency. For the purpose of calculating the efficiency of energy transformation for combined heat and power plants, aggregate data of produced electricity and heat was used: Analysis of TM indicators shows relatively low efficiency of electricity production in thermal power plant (TPP) and combined heat and power (CHP) facilities, although production in CHP facilities is very modest. Electricity network efficiency is low, primary due to high distribution losses.
As an additional indicator, it can be used indicator of energy intensity -TM2 (ration of energy sector parameters with parameters of economic and social development of a country). Data for 2014 are used in calculation [11] . Using same methodology for determination of TM 2a , it is formed tab. 4 with values of TM 2a for some European countries [11] [12] [13] [14] [15] [16] [17] [18] [19] . Values of TM 2a , presented in tab. 4, indicate that Serbian energy intensity is high. Such result is the consequence of the inefficient use of energy resources, but also the low economic productivity of the country and low GDP level. Modification of the value of this indicator can be done if GDP is converted from the real national currency at purchasing power parity (PPP), for the base year (2014) to which the national currency was deflated (measured in 1000 US$) [11] : 
The determination of significance of availability components by AHP method
The aim of the application of AHP method is to detect the contribution of each component individually within dimension of availability. The final rating of components provides insight into the current situation and emphasizes components that should be improved in order to achieve higher level of energy security.
To make direct comparison of components, it is necessary to use a scale of numbers (Saaty's scale of relative importance) [20] . Saaty's scale of relative importance includes number from 1 to 9, where number 1 represents equal importance, number 9 represents extreme importance one component over another, and other values (2) (3) (4) (5) (6) (7) (8) are in between that range. One always enters the whole number in its appropriate position and automatically enters its reciprocal in the transpose position [21] .
For this purpose, the only one criterion for comparing the components is defined. That is individual contribution of each component to the availability of energy, as a dimension of energy security in Serbia.
Based on analysis of the Energy Balance of Serbia, Energy Sector Development Strategy of Serbia [9] [10] [11] [12] [13] [14] [15] and calculated indicators from this study, the initial pairwise comparison matrix for the components of availability is formed, tab. 5. Once the initial pairwise comparison matrix is built, it is possible to derive the normalised pairwise comparison matrix, A norm . Each element of the column of the initial matrix is divided by the sum of the elements of the same column:
Next step is to determinate the criteria weight vector, w i , which is built by averaging the entries on each row of the normalised pairwise comparison matrix, A norm :
Obtained values of the criteria w i , as a results of application of AHP method are given in tab. 6. They indicate that SS, defined as ability of energy system to rely on its own reserves and resources in energy production, is the most important component of availability of energy in Serbia. According to characteristics of other components of the availability of energy in Serbia, it can be concluded that the share of RES in TPES/TFC is more important than other components (SOS, D, TM), because it consequently affects the growth of SS. In the other words, pillars of availability of energy in Serbia, and its energy security are indigenous energy production and use of fossil fuels, primarily coal, and renewables -hydro and biomass. 
Discussion
Based on previously presented results of selected indicators, it is possible to make a brief overview of the current state and perspectives of energy security in Serbia.
The import dependence of Serbia is 28%. It is not large in number, but it is very noticeable in imports of oil and natural gas, especially if currently estimated remaining reserves (8.3 years for oil, 7 years for natural gas) and resources (29.6 years for oil and natural gas combined) are taken into consideration. The SOS is especially affected in the natural gas sector because of import dependency on one supplier (Russia) and only one supply route through Hungary.
The reserves and resources of coal provide some certainty in SS of the energy system of Serbia. If production and consumption remain at current level, the period until the exhaustion of coal reserves is 149 years (without Kosovo), and 689 years until the exhaustion of coal resources.
However, the weak point of coal utilization in Serbia is the efficiency of energy conversion. Efficiency for electricity generation from coal is about 34%, which is below the average efficiency of modern thermal power plants in Europe. With additional 83.5% of electricity transmission and distribution efficiency, it leads to only 28% of total efficiency in primary energy source use.
The share of renewable energy in final consumption is currently around 20%. Hydropower and traditional biomass (firewood) have the largest share in the renewable energy mix. The use of the other RES is still modest. If it is known that currently is being used about 35% of the total RES potential, further improvement in using renewable energy is certainly possible.
Implementation of AHP method and lower values obtained for individual significance for SOS, technological maturity and diversification indicate their currently limited contribution to the availability of energy in Serbia. Therefore, the mentioned components can be identified as a weak spots that need to be strengthened in order to improve energy security of Serbia.
Conclusions
In many countries of the world, energy security is one of the priorities of national security. Over the years, different types of energy indicators have been proposed with the aim to monitor and evaluate strategies for the improvement in availability of energy and overall level of energy security. Sets of indicators of security of supply, self-sufficiency, diversification of energy sources, renewable energy sources use and technologycal maturity, proposed in this paper, leads to a broader and deeper understanding of the problem of energy availability of selected energy system, while application of AHP methodology in detecting the contribution of each component individually within a dimension of availability helps in defining of priority actions and creation of adequate policy instruments and measures.
For evaluation the availability of energy in Serbia, proposed sets of indicators were calculated and AHP method was implemented for prioritization of availability components. Assessment of obtained indicators and their comparison show that in order to improve availability, the main activities in Serbian energy sector should be directed to: y Improvement of energy efficiency, primarily in electricity production and distribution y Increase the use of RES y Diversification of energy sources used in energy transformation, as well diversification of imports directions These activities have simultaneous positive effects to different dimensions of availability. Besides rising of technological level of energy sector, improvement of energy efficiency, and consequently less energy consumption for the same quality of goods or services, has positive effect to SOS and SS. Increase of RES using for electricity and heat production improves SOS decreasing the import dependency, with significant introduction of contemporary technologies and wider applications of different energy sources (biomass, biogas, solar, wind, geothermal). Diversification of energy imports is mainly connected to import of natural gas. Establishing interconnections with the neighbours (Bulgaria, Croatia, Romania, etc.) should open possibilities for natural gas supply from some of planned international gas routes (South Corridor projects) and liquefied natural gas terminals.
Nevertheless, the planning of energy security on the basis of sustainability and equal respect for economic, environmental, and social aspects is the best way to achieve the objective of improving values of the presented indicators. Each well-weighed investments in education, building of new energy infrastructure and facilities, as well as improvement of existing one, can only bring benefits in terms of security and quality of life to the whole society.
